We have developed a simple method to measure the transport spin polarization of ferromagnetic materials. This technique relies on the fact that the Andreev reflection process at the interface between a superconductive and normal is influenced by the spin polarization P of the normal metal. In a very short time we have been able to measure the spin polarization of several metals: Ni x Fe 1Ϫx , Ni, Co, Fe, NiMnSb, La 0.7 Sr 0.3 MnO 3 , and CrO 2 , whose spin polarization ranges from 35% to 90%. Our results compare well with other methods for measuring P.
I. INTRODUCTION
The phenomenon of spin polarized transport has become an interesting physical study in its own right as well as a source of inspiration for a new class of spin dependent electronic devices, dubbed ''spintronics.'' 1 When considering a candidate material for such studies or for such an application, a very relevant parameter is its spin polarization P. Indeed, all other factors being equal, the desired goal is that the material be 100% spin polarized.
Unfortunately, determining P for a candidate material is not easy. Theoretical calculations can give some guidance but, at the present state of the art, cannot yield completely adequate results. Photoemission 2 offers an experimental means to determine P, but it lacks the necessary energy resolution ͑ϳ1 meV͒ and requires very careful surface preparation. An alternative experimental method incorporates the material into a planar tunneling junction, which offers the high energy resolution and has thus produced the most data on P for many materials. 3 This method, however, does place rather stringent requirements on the sample owing to the fact that it must be incorporated into a tunnel junction.
We report here on a new technique, 4 based on Andreev reflection between a point contact and sample, which may be used to determine the spin polarization of a ferromagnet. It is very simple to implement, its energy resolution matches the tunneling experiments, no special surface preparation is necessary, and there are no special requirements on the sample geometry. Indeed, we have measured thin film samples, foils, and arc-melted samples of irregular shapes with equal facility. The results for conventional ferromagnets have been confirmed very recently by Upadhyay et al. 5 who observed the suppression of Andreev reflection in microlithographically fashioned superconductive/ferromagnet junctions.
II. ANDREEV REFLECTION
Andreev reflection is a process that occurs at the interface between any normal metal and a superconductor. 6 Basically, on the normal side of the interface, an incident electron combines with a reflected hole to form a pair which can pass into the superconductor, thus allowing supercurrent to flow at low voltages. Figures 1͑a͒ and 1͑b͒ show what to expect when the normal metal ͑such as copper͒ is not spin polarized, i.e., when there are equal numbers of ''up'' and ''down'' spins in the material. The current I which flows through the interface has a characteristic dependence on the voltage drop V across the interface. Even more dramatic structure is shown in the normalized dynamic conductance G(V)/G n , where G(V)ϭdI/dV and G n is the conductance of the interface when the voltage is large compared with the superconducting energy gap ⌬. Explicit expressions for G(V) as a function of the transparency Z of the interface were first given by Blonder, Tinkham, and Klapwijk ͑BTK͒ for the case of unpolarized metals. 7 The opposite extreme, when the normal metal is 100% spin polarized ͑such as CrO 2 ͒ is shown in Figs. 1͑c͒ and junction has a high transparency (Zϭ0) this theory yields a very simple relation for the normalized conductance at V ϭ0:
where
and where N ↑ (E F ) and N ↓ (E F ) are the density of states of the up and down bands, respectively, and F↑ and F↓ are the Fermi velocities for the up and down bands, respectively.
III. CONDUCTANCE MEASUREMENTS
The apparatus used for the measurements is shown in Fig. 2 . A mechanically polished Nb rod is driven by a micrometer mechanism capable of moving the point linearly by 100 m per revolution until it touches the ferromagnetic base. The point contact and sample were immersed in a liquid helium bath at either 4.2 or 1.5 K. The current-voltage (I -V) and G(V) data were taken with electronics identical to that used for conventional tunneling. 
IV. EXPERIMENTAL RESULTS
Several samples of Permalloy (Ni x Fe 1Ϫx ) ͑thin film͒, Ni ͑thin film and foil͒, Co ͑thin film and foil͒, Fe ͑thin film and foil͒, a Heusler alloy ͑NiMnSb͒ ͑thin film͒, La 0.7 Sr 0.3 MnO 3 ͑thin film, single crystals͒, and CrO 2 ͑thick film͒ were measured by performing Andreev reflection with a Nb point contact. Representative results ͑for Zϭ0͒ are shown in Fig. 3 . The polarizations of the samples can be estimated directly from the conductance values at Vϭ0 using Eq. ͑1͒. We have also successfully carried out many measurements with other superconductors ͑NbN, Ta, and V͒. We have also often reversed the role of point and base and have not seen any significant difference in the measured G(V) curves or in the inferred value of P.
V. COMPARISON WITH OTHER TECHNIQUES
We compare the results obtained by Andreev reelection in this study with those obtained by tunneling ͑see Ref. 3͒ in Fig. 4 . The first comment is that we often make ten adjustments of the point contact and thus obtain a like number of independent determinations of P. The standard deviation of such measurements is found to be 2%-4%, which compares very favorably with similar observations for tunneling. The second observation is that the agreement between the two methods is generally good ͑less than 10%͒, the largest discrepancy appearing in Ni or Ni alloys, where the purity of the sample is known to influence P.
